All the samples are from Dongfushan (DFS) volcano (32°35′41″ N, 118°56′05″ E) in the Tianchang County, Anhui Province, Eastern China, where large amount of center-eruptive Cenozoic volcanoes are distributed ( Figure DR1A ). So far, no publication has described volcanological and geochemical characteristics of Dongfushan volcano, and only sparse unpublished whole-rock major-and trace-elements data have been acquired (Dr. Zheng Xu in University of Science and Technology of China, personal communication). This volcano is small and isolated, with height less than 100 meters above the ground, which is similar to the Cenozoic center-type volcano nearby. A large open-pit crop (with diameter of 350 m) ( Figure DR1B ) dug in the volcano was explored during a field work on May 2013. Due to this artificial change, no clear volcanological structure (e.g. the position of the eruption center) could be identified. Abundant peridotite xenoliths appear in the lava flows from the shallow to the bottom. However, most of the xenoliths in the shallow depth are extensively alterated (the olivines are nearly all serpentinized).
The available geochemical data of the hosting rocks show that they are alkali basalts and have primitive mantle normalized trace element patterns similar to that of the others Cenozoic basalts in eastern China (OIB-like, enriched in large ion lithophile element (LILE) and light rare earth element (LREE), but not depleted in Nb and Ta) (e.g. Zou et al., 2000) . The MgO contents of the bulk rocks vary from 7.14 to 12.37 wt.%, and the bulk rock Mg# (Mg#=Mg/(Mg+Fe)×100 in mol., all Fe considered as Fe measured over 4 years after its last eruption ( Fig.3 and Fig. 10 in Peck, D. L. (1978) ; Cooling and vesiculation of Alae lava lake, Hawaii), we suggested that at about 10 meters below the surface of a lava flow with thickness of 15 m, the magma could definitely be cooled slowly, and stay at temperature near 850°C for a time period close to one year.
ANALYTICAL METRHODS Fourier Transform Infrared Spectroscopy (FTIR)
FTIR measurements were conducted in the CAS Key Laboratory of Crust-Mantle Materials and Environments at the University of Science and Technology of China (CMME-USTC).
Samples were prepared with two parallel polished surfaces. Mineral profiles in H 2 O content were measured in transmission mode on a Spotlight 200 PerkinElmer FTIR spectrometer coupled with a PerkinElmer microscope using an OptKBr beam splitter and a liquid-nitrogen cooled MCT detector in a continuous dry nitrogen flush. A total of 64 scans for background and sample were accumulated for each spectrum. The resolution was 4 cm -1
. Aperture size was set at 25×100 μm, the shorter size along the measuring direction, with a spacing of 30 to 75μm, depending on the mineral size.
The Omnic software was used to integrate the area beneath the OH bands. For the calculation of average water contents for each sample, a spline baseline correction was used. For the exploration of the potential H profile in cpx and opx, two kinds of baseline correction strategies (linear baseline and spline baseline) were tested, in the range from 3700 to 2800 cm -1 for opx and 3700 to 3000 cm -1 for cpx. The "internal" relative uncertainty of the two approaches is less than 5% (2SD). It was calculated from the dispersion of integral areas obtained with three different baselines. Usually, the spline approach lead to slightly larger integral area than the linear one. H 2 O contents were calculated from a modified form of the Beer-Lambert law.
Where c is the content of hydrogen species (ppm H 2 O by weight), A is 3 times the unpolarized integral absorption, ε is the integral specific absorption coefficient (ppm -1 cm -2 ) (Bell et al., 1995) , t is the thickness (cm).
Electronic Back-Scattered Diffraction (EBSD)
The orientations of pyroxenes were determined by electron back-scattered diffraction (EBSD) in the China University of Geosciences (Wuhan) with a Quanta 450 scanning electron microscope.
The measurements were carried out with an accelerating voltage of 20 kV, a spot size of 6.5μm
and a working distance of 25 mm. Diffraction patterns were manually collected and indexed using the HKL Channel 5+ software to ensure data quality.
Compositional profile analysis by EPMA
Composition profiles were obtained with a Shimadzu Electron Probe Micro-analyzer (EPMA 1600) at CMME-USTC with operating conditions set as 15 kV for accelerating voltage, 20 nA for beam current and 1 μm for beam diameter. For opx, a routine single quantitative analysis mode was used to perform profile analysis. The standards are natural minerals and synthetic oxides, and a program based on the ZAF procedure was used for data correction. The measurements were made from the core to the rim of each mineral grain; and in general, three to four grains of each mineral phase were analyzed in each sample. The uncertainty for all elements was below 5%, except for Na, for which the uncertainty may be as high as 10%. For olivine, the "Linear composition analysis" mode was used, under which only the relative intensity (counts) of the element of interest was recorded.
Modeling details
3 dimensional diffusion modeling was performed to simulate water concentration profiles in the DFS opx grains. We considered the magma as an infinite sink for H. The initial water concentrations (C i ) was assumed to be the value of the plateau in the profile (e.g. the average concentration of all the data in the plateau). The water content in three-dimensions can then be described by the function C(x,y,z,t) (Crank, 1956 ): where 2a, 2b and 2c are the lengths of the grain along x, y and z directions, C 0 is the initial water concentration; C 1 is the final concentration at the grain edge, and is assumed to be 20 ppm for the two grains presented. Dx, Dy and Dz are the diffusion coefficients along x, y and z directions (they are assumed to be the same). For opx DFS16-opx7, 2a=2.05mm (profile along CD direction, Fig.2a ), 2b=2.05mm, and 2c=2.4mm (profile along RL direction, Fig. 2a) ; for opx DFS16-opx2, 2a=1.5mm (profile along CD direction, Fig. 2b ), 2b=1.5mm, 2c=3.825mm (profile along RL direction, Fig. 2b ). Figure DR1 . A) Geographic location of the Tianchang vocanoes. Xenoliths hosted by the Cenozoic basalts in eastern China are also shown. DTGL: Daxing'anling-Taihangshan Gravity Lineament. B), Photo of the quarry in Tianchang volcano.The red stars mark the sampling locations.
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Figure DR2
Example of water concentration measurement in cpx, opx and olivine in Tianchang peridotite xenoliths. The width of each section is 2.5 cm. Photographs are scanned images of the thin sections with thickness around 200um. The numbers marked on the images are the water content for the single grains that were calculated from the unpolarized FTIR analyses (3 times the unpolarized integral absorption). Black numbers for opx, yellow for cpx and blue for olivine. The average water contents of cpx and opx (with 2SD uncertainty) within one xenolith are also shown in the top. Xenolith DFS11 has comparable size with DFS15 in hand species, around 3~5 cm. Note that normally due to the anisotropy of spectra in pyroxenes, it make no sense to compare the water content for a single crystal, but here the distribution of these calculated water contents can statistically show that there is no significant difference for the pyroxenes in center and rim. Bonadiman et al., 2009; Xia et al., 2010) . Orange squares are the data of lhzerlites from Colorado plateau and Mexico (Peslier, 2010) . The large yellow dots are the data for the Tianchang xenoliths (Hao et al., (2016) . Figure DR4 . Water concentration profiles in opx from the Tianchang peridotites. The simulation curves based on 1D and 3D diffusion models are shown for comparison. The 3D diffusion equation shown in section "Method" in this supplementary file was used. H diffusion in opx is considered to be isotropic, which is consistent with the experimental results Skogby, 2003, 2006; Sundvall et al., 2009a,b) . Parameters are set as: for DFS14-opx11, 2a=2b=1.15mm, 2c=2.3mm, C 0 is 136 ppm, and C i is 20 ppm; for DFS11-opx5, 2a=2b=2.73mm, 2c=3.23mm, C 0 is 146 ppm, and C i is 20 ppm. Dx=Dy=Dz=10 Where C x is the water content at time t at distance x, L is the grain size (Crank, 1956) . Other parameters are the same as in the 3D model equation. The data for the measured profile and modeling calculation are listed in Table DR6 . . The cpx grain are very homogenous in water as shown in Figure 2B . The data for diopside (Kunlun diopside and Jaipur diopside) and augite (PMR-53), which were frequently studied for H diffusion rate in the literature, are from Ferris et al. (2016 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0. Brey et al. (1990) and the equilibrium pressure was assumed to be 15 kbar. (La/Yb)n is primitive mantle normalized. 
